A numerical study has been performed to reveal the temperature distributions in tissues around the GB38 acupoint during the acupuncture with a burning treatment practice is called as the warm needle rather than the hot needle.
Introduction
Acupuncture, which is among the oldest healing practices in the world, was originated from the traditional Chinese medicine (TCM). Acupuncture is meant to stimulate some of the specific points in the body by a variety of techniques, including an insertion of thin metal needles into the skin, with an aim to remove blockages or restore and maintain human health. Acupuncture is now accepted as a part of complementary and alternative medicines and has been practiced in many medical and health care systems.
Warm needle is an important acupuncture technique in TCM. There is a traditional saying:
"first you use the needle (acupuncture); then the fire (moxibustion) and finally the herbs" [1] .
Moxibustion rather than acupuncture has been chosen to cure severe diseases, in particular, due to vacuity cold and Yang deficiency. However, the very hot moxibustion applied on the skin surface is hard to get rid of the scald. The underlying idea of warm needle in Chinese literature is to combine the acupuncture and moxibustion into a single treatment, which enjoys the functions of both (acupuncture and moxibustion) but can avoid the pain due to moxibustion. Since it has the safe, efficient and less painful characteristics, warm needle becomes the popular therapy nowadays.
Materials and methods
During treatment, a dried and pounded moxa is attached to the handle of the acupuncture needle after the needle being inserted into the acupuncture point. This is followed by igniting the moxa and keeps it burning (Fig. 1) . Typically, the distance between the skin surface and the burning moxa stick is about 2 cm. Heat will be conducted from the needle handle to the needle itself and, finally, to the surrounding tissues. This acupuncture design with a burning moxa can maintain a temperature gradient across the needle and enhance the Seebeck effect [2] . In Chinese medicine theory, this method is highly appropriate for use to patients with vacuity cold and wind damp [3] since it can provide the functions of warming the meridians and promote the qi-and blood-flow. This therapy is also applicable to release cold-damp syndrome for the patients with rheumatoid arthritis [4] . The other technique described in the classics is called the fire needle, which involves holding the needle in a lamp flame until it becomes very hot. The procedure is followed by inserting the needle to the appropriate depth in the body quickly and then removing it [5] . In comparison with the fire needle, the warming needle allows a longer retention and a A needle assembly for acupuncture includes a column needle (portion I) with its head having a sharp end and one coil-like handle (portion II), which covers the dull end of the column needle (Fig. 2) . Between the column needle and the coiled handle, there exists a triangle air volume (portion III). Fig. 2 shows the investigated 1.5-inch acupuncture needle and the sizes of different parts. A hybrid mesh system, containing both of the structured-and unstructured-type meshes shown in Fig. 3 , is generated from the total number of 7,421 mesh points. The mesh density has been properly distributed in this study so that the predicted solutions can accurately represent the physical phenomenon.
Fig. 3:
The surface mesh generated on the acupuncture needle.
Heat transfer process is predicted by solving the equation for energy conservation. In this study, the energy equation cast in the form of total enthalpy below will be employed
In the above, h 0 is the total enthalpy defined as
and i, k, p andτ ij , denote the internal energy, thermal conductivity, static pressure and viscous stress tensors. In addition, u, v, w and V r are the flow velocities along the x, y, z directions and the flow velocity vector, respectively.
Simulation of equation (1) will be carried out by employing the commercially available burning moxa finite volume package, namely, CFDRC [6] . This software package includes the CFD-GEOM for geometry and grid generation, the CFD-ACE + for solution solver and the CFD-VIEW for post-processing. A convenient graphical user interface (GUI) is also provided for specifying the physical properties under investigation, and the specification of the boundary and initial conditions. In CFD-ACE + solver, the finite volume method is employed together with the algebraic multigrid method and the conjugate gradient squared solution solver for purposes of accelerating calculation. In this study, the central difference scheme has been selected to approximate the parabolic type partial differential equation (PDE). Yang [7] ).
GB38 is one of the acupuncture points in gall bladder (GB) meridian, which can deal with hemicrania and joints ache. Fig. 4 shows the axial image of the right leg for the GB38 acupuncture point (Courtesy of Yang [7] ). At the calf section, the amount of capillaries near the GB acupuncture points is greater in number than those at the other parts of the body [8] . This characteristic suggests that the GB meridian has a larger potential in acupuncture research. Also, the distances between the acupoints GB37-GB38 and GB38-GB39 are about the same (about an inch). Therefore, the acupoint GB38 was the focus of other [9, 10, 11] and the current studies.
The boundary conditions applied on the calf section with needle are shown in In all the iterative processes, calculation of the enthalpy values will be terminated when their is shown in Fig. 6 . The IR image recording system we used is known as the FLIR system (ThermaCAM ® SC500 from FLIR Systems TM) [12] , which includes an IR camera for acquiring IR images, a computer with FLIR software for data analysis. Both of the camera and the subject are kept apart from the external draft IR sources. The room temperature and the relative humidity are kept at 22 ± 0.1 ºC and 60 ± 7 %, respectively. Thermography has been carried out with a calibrated IR camera, which is equipped with a 45º close-up optic. Sensitivity, accuracy and resolution for the employed camera are 0.07 ºC, ± 2 ºC and 320 × 240 pixels, respectively. The distance between the camera and the subject under current investigation is 0.1 m. The infrared images of the subject, at a sampling rate of 4 Hz, are directly recorded in the computer's hard disk. Table 1 : The physical properties employed in the present simulation study.
In TCM, acupuncture needle can be made from stainless steel, iron, copper, silver and pottery etc. For the reasons of safety and cost effectiveness, stainless steel is now more popular. Table 1 . The predicted convergent temperature, which is plotted in Fig. 7 , on the needle surface is seen to distribute similarly to the experimentally measured values by IR image. a warm needle applied at the acupoint GB38. Fig. 8 shows the predicted temperature contours near the acupoint GB38 under the warm needle treatment. Around the skin surface of GB38 (Fig. 9) , the surface temperature near the needle is predicted to be about 36 ºC, which is 1 ºC higher than those predicted at other skin surfaces (~ 35 ºC). 
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Discussion
In the present study, both the experimental measurement and the numerical simulation have been conducted to know the temperature distribution near the acupoint which is subjected to a warm needle. The predicted temperature contours on the needle surface are shown to agree well with the experimentally measured results. Moreover, the temperature contours of the tissues beneath of the skin surface have been also numerically predicted. From the temperature profile along the centerline of the acupuncture needle, the temperature decreases very rapidly from the burning moxa section (200 ºC) to the skin surface (36 ºC). The temperature near the needle is only 1 ºC higher than those predicted at other places. The predicted phenomenon explains why this treatment skill is called as the warm needle rather than the hot needle. These results are fundamentally important to the study of TCM.
